Healthcare sustainability has been dominated by a strong fiscal orientation. In an era of budget cuts and staff reductions, the financial challenges in Canadian healthcare are immediate and must be addressed. However, an independent focus on financial viability is too narrow a framing; too limited to allow for the kind of creative, novel, and even radical thinking that is required to fundamentally alter the current course of healthcare in Canada and internationally. Prospects for solving the current financial challenges are likely to be greatly enhanced if we simultaneously account for the broad and interrelated dimensions of sustainability. What would a healthcare system look like if sustainability were adopted as the focal and principal goal? And what might a "deep" sustainability orientation imply for how we think about and manage healthcare systems? This analysis is informed by the notion that healthcare systems are fully contained within the societal system, which is itself fully contained within the broader ecological system. This model, which foregrounds nature as the most fundamental and important system, has both greater ecological validity and particular relevance to the healthcare context given the interdependence between the health of natural systems and the health of humans. Our understanding of nature in relation to health may be key to solving or at least reducing the economic burden of healthcare. A multidimensional systems orientation thus has the potential to unveil new modes of thinking that highlight intersectoral relations, communications, collaboration, and cross-boundary learning for improved health and wellbeing, healthcare performance, and sustainability.
Introduction
The concept of sustainability is now at the fore of social consciousness and permeates discussions across the private, public, and what Mintzberg [1] has coined the "plural" sector. The domain of healthcare is no exception and with good reason. Health is the most basic element underpinning a functioning society, and sustaining health and healthcare is, by definition, existentially critical for social welfare and continuity. However, healthcare systems around the world and throughout Canada in particular, are under enormous social and financial pressures such that the continued viability of existing healthcare models appears highly uncertain.
The recognized importance of healthcare-reflected in the public's ever-increasing expectations for accessible, timely, and effective care-coupled with limited, and in many cases diminishing financial resources, has meant that discussions regarding healthcare sustainability have been dominated by a strong fiscal orientation. Clearly, in an era of budget cuts, staff reductions, and other substantive frontline service impacts, the financial challenges in Canadian healthcare are immediate and must
Methodology
We looked at the sustainability discourse in the literature over the past decade and analyzed content, focusing on interconnected elements and emerging themes. We identified a lack of unified accepted schemes in evaluating healthcare sustainability and addressed this gap by proposing a framework through the interpretative lens of an embedded systems thinking approach.
Why We Need to Re-Think Healthcare? The Case for Change
How do we sustain quality healthcare in an era of limited resources and increasing demands? While we, in Canada, spend almost $200 billion annually (approximately 12% of GDP) in healthcare [7, 8] , we are not achieving optimal health outcomes for the majority of the population. According to a 2012 Conference Board of Canada [9] report, Canada ranked in 10th place out of 17 selected developed countries for health. Japan, Switzerland and Italy were ranked in the top three, the UK placed at 14th, while the United States of America (USA) ranked at 17th. [9] . In 2017, U.S. healthcare spending reached $3.5 trillion, with no significant changes in population health. [10] .
Indeed, as the population ages and healthcare becomes more complex, healthcare costs are expected to continue to rise [9] . Over the last ten years, the growth of healthcare expenditures has surpassed the rate of economic growth in Canada and Statistics Canada estimates that seniors will outnumber children in Canada by a factor of three to two in twenty years' time [11] . Healthcare costs are rising to almost 50% of provincial government spending budgets. Yet, according to many reports, increased spending in healthcare does not always translate into better health outcomes. As reported by the Organization for Economic Co-operation and Development (OECD) [12] , in terms of costs:
. . in terms of total health spending per capita-significantly above the OECD average. But Canada is well below average in terms of available per capita resources such as physicians, hospital beds, CT scanners, and MRI units; And Canada's ranking in health outcomes ranges anywhere from 5th to 25th for key indicators. For example, Canada ranks 13th in life expectancy and 8th in mortality due to neoplasms (which include cancer and benign tumors)." [12] In addition, according to recent reports, Canada has a number of rising diseases with no known cures. Two examples include Inflammatory Bowel Disease (IBD) and Multiple Sclerosis (MS). According to one 2017 report, Canada has one of the highest rates of IBD in the world with approximately 270,000 Canadians living with Crohn's disease or ulcerative colitis [13] . Similarly, according to Statistics Canada in 2018, Canada continues to be the country with the highest rate of MS in the world [14] .
Other countries have similar poor correlations between healthcare spending and life expectancy. The OECD found that the USA has the highest healthcare spending per capita and is amongst the countries with the highest paid physicians; however, the USA compares poorly with other countries in rankings on infant mortality, premature mortality and life expectancy [12] . Japan, in comparison, has the lowest healthcare spending per capita, but has one of the highest life expectancies. Japan also ranks higher in other areas. When it comes to technologically-advanced diagnostic medical equipment, such as MRIs and computer tomography (CT) scanners, Japan significantly outperforms other countries [12] .
However, technology itself is not a long-term solution. Advancements in technology can improve patient care through better diagnostics and therapies, but are not the driver of creating a healthier population. Technology has its own limitations. Indeed, innovative therapies or revolutionary technologies such as 3D bioprinting bring their own set of ethical, technical and financial challenges which can also act as a barrier for change [15] . Economists think of medical innovation as a valuable but risky good, producing health benefits but increasing financial risk. This perspective overlooks how innovation can lower physical risks borne by healthy patients facing the prospect of future disease [16] .
Since healthcare spending is not the key determinant to the health of a population, how do we improve the quality of healthcare in Canada without increasing costs; and how do we make quality healthcare affordable and sustainable for future generations?
What Is Sustainable Healthcare?
The term sustainability is often associated with preserving the environment while continuing with economic development [17] [18] [19] [20] [21] [22] . One of the first definitions was used in the Brundtland Report in 1987 for the United Nations [23] . Sustainable development was defined as the "development that meets the needs of the present without compromising the ability of future generations to meet their own needs." The key idea was that although resources were being used, they also needed to be preserved to meet the needs of future generations. In this context, the sustainability livelihood principle [24] also seems relevant as it is linked with capabilities and livelihoods of individuals with consideration for equity. According to the principle, all forms of resources, namely, natural, physical, economic, and social must be replenished on a regular basis similar to a natural cycle.
In terms of sustainable healthcare, there is no one universal definition [25] [26] [27] [28] . Clearly, not all Canadians view sustainable healthcare in the same way. While some want to maintain the status quo to the existing system; others recognize that putting more resources into the same system, and doing things the same way, is not going to translate into improvements. We must explore new and different ways of thinking by examining interdisciplinary models, tools, and methods available to us. For example, a newly developed tool, the World Risk Index (WRI) [29] , assesses risk and vulnerability on a global scale and is able to demonstrate that focusing on coping capacity and adaptive capacity at the individual and community levels improves all aspects of a system's well-being, including health. The WRI framework uses 23 indicators wherein public and private health expenditure, quality of water sources available to the population, and social networks (neighbourhood, family and self-help) play key roles in determining the Vulnerability Index for 173 countries. Although Canada scores well in the measure of this vulnerability index, the exact proportion of the health-related indicators is not clearly known. An application of this concept is discussed later in this paper with emphasis in identifying risks with a notion of prevention rather than response.
A deeper understanding of sustainable healthcare may be captured by The Canadian Alliance for Sustainable Healthcare (CASHC) [30] which defines sustainable health and healthcare as:
"the appropriate balance between the cultural, social, and economic environments designed to meet the health and [healthcare] needs of individuals and the population (From health promotion and disease prevention to restoring health and supporting end of life) and that leads to optimal health and healthcare outcomes without compromising the outcomes and the ability of future generations to meet their own health and healthcare needs." [30] According to the CASHC, in order to achieve sustainable healthcare, four guiding principles must be present: accountability for results, value for money, fair and timely access, and appropriateness. Accountability for results is needed to drive improvements in the system, to identify targets and outcomes at all levels and to align accreditation and funding. Value for money involves identifying and eliminating waste, searching for efficiency gains, promoting innovation and improving system performance while achieving health outcomes. The World Health Organization [31] estimates that between 20 to 40 per cent of resources spent on health are lost due to inefficiencies related to medical errors, lack of quality care, inappropriate hospital admissions (and lengths of stay), inadequate staff mixes, and inappropriate drug assignments. Fair and timely access refers to need and priority for Canadians. A lack of fair and timely access not only affects the health of the population, but it can also undermine public confidence in the system. Appropriateness is needed to assess what are the most effective resources to achieve optimal health outcomes.
In addition, six factors [30] are deemed necessary to support sustainable health and healthcare. These include the following:
• Although the CASHC model of sustainable healthcare aims at comprehensiveness by spanning numerous dimensions, it does not correspond closely to standard general definitions of sustainability-or sustainable development. Notably absent from the CASHC model is any mention of the natural environment despite the obvious reality that human health is fundamentally predicated on the health of natural systems. Furthermore, we see some of the basic tensions that exist within current healthcare systems built into this definition of sustainable healthcare. For example, the notion that innovation is driven primarily through technological advancement can be at odds with the funding realities facing healthcare, given the enormous costs associated with developing advanced treatment procedures and pharmaceuticals. Overall, it is unclear if this model is sufficient to meaningfully redirect healthcare activities towards improvement and systems-level sustainability.
Instead, we see greater potential in the recent work of Bhaskaran et al. [3] to define sustainable healthcare as a function of economic, social, and ecological factors. Not only does this definition more closely align with general sustainability models, but it has the potential to stimulate 'out of the box' thinking that challenges status quo assumptions about the role and practice of healthcare in society. In particular, we believe that efforts to advance healthcare sustainability must be based on the observed reality that health systems are embedded within larger social systems, which are themselves embedded within natural ecological systems [5] . This embedded view highlights hierarchical dependencies at the systems level, the most immediate implication of which is that healthcare sustainability is entirely dependent on the health and viability of the larger social and environmental systems within which health systems are nested. Protecting and enhancing the integrity of nature's air, water, land and ecosystems is thus the most basic requirement towards advancing a sustainable healthcare model.
Without a healthy natural environment, is quality food even possible? From an ecological system, our food moves through an agricultural system, distribution system, storage system and factory-processing system that has its own complexities. Any of these systems can fail, resulting in a health outbreak. A most recent example is the reporting of the E. Coli infections linked to romaine lettuce from the central coastal growing regions in northern and central California, resulting in the hospitalization of 62 cases of E. Coli illness in 16 states in the United States and 29 cases in Canada [32] .
The relationship between food, nutrition and health continues to be widely debated. Newer diets and beliefs about health have begun a dialogue about which foods lead to better health. For example, proponents of the ketogenic diet, which promotes a high fat, low carbohydrate diet, contend a low carbohydrate diet can reduce inflammation (influenced by sugar, white flour and starches) which may help prevent many chronic diseases. This ground-up perspective beginning with a natural ecological system helps to reframe basic healthcare objectives and leads to a line of questioning that is not currently well represented in mainstream health discourse. For example, how might health systems not only minimize environmental impacts, but more proactively, advance ecological integrity through operational and educational activities? How might health systems promote not only individual-level health outcomes through effective treatment of illness, but the broader well-being and even flourishing [4] of interconnected and interdependent individuals and communities within their specific environmental context? How might simple and effective innovation, founded around the concept of healthy living make a difference in addressing some of the root causes of various ailments? More generally, how can healthcare system sustainability advance so as to meaningfully advance the integrity and vitality of the social and environmental systems upon which they are based?
From this perspective, a growing body of research points to the inseparable connection between nature and human health and suggests that a multitude of health challenges stem from our basic disconnect from the natural environment in modern society [6] . For example, re-establishing individual's connection with nature in relatively simple ways such as orienting patient rooms toward green space versus urban infrastructure has been found to significantly reduce recovery times and hospital readmissions and thereby healthcare costs [6] . Canadian research has similarly uncovered important links between nature immersion and general psychological well-being [33] . Community based health promotion is being examined in Australia [34] determining that features of sustainable health practice include effective relationships and partnerships; evidence-based decision making and practice; emphasis on building community capacity; and supportive context for practice. Connection has been made between health and environmental science [35] to show that a useful conceptual understanding of health-program sustainability can be derived from a synthesis of existing conceptual approaches to health-program sustainability and evidence of associated factors, informed by conceptual approaches developed within sustainability science. The study proposes that health-program sustainability is the ultimate manifestation of a complex web of interrelations between health concerns, stakeholders, resources, and actions analogous to an ecosystem. In Europe, as welfare system sustainability is threatened by an ageing population and demise of the extended family, social protection systems are converging, and a healthcare system based on social sustainability, quality of life and social co-responsibility seem to provide a viable solution [36] . Given the breadth and strength of these findings, we see great opportunity in this bourgeoning line of inquiry to simultaneously advance ecological, social, and even economic outcomes within healthcare, though substantial barriers to change remain. In fact, sustainable development cannot be advanced through isolated initiatives, but instead requires an integrated approach of social, ecological, and economic aspects of healthcare, as well as managing the tensions and trade-offs in realizing the benefits and opportunities of this approach.
Are There Barriers to Change?

Ideology and Values
As Canadians, there may be fewer things that distinguish us from our neighbours to the south. While our businesses, culture, and way of life have been strongly influenced by our American counterparts, our publicly-funded healthcare system still remains highly tied to our identity. In spite of this, there is little consensus on what Canadians value in their healthcare system or what its primary goals should be. Some patients view health goals in terms of acute care hospital outcomes, while others are more concerned with how people are serviced and if wait times are reduced. As a country, should we share the same health goals in order to improve health outcomes? The value of healthcare is being discussed by politicians, taxpayers, economists and healthcare professionals and what healthcare means for Canada going forward. In a new era of legalized marijuana, an opioid crisis and other challenges, it is imperative to also find a balance between scientific approach and political engagement [37] . Traditional models of healthcare assume a 'treatment' approach after the illness has already taken place, whereas some experts support a broader perspective to consider the 'wellness' of the population, that is based on a more proactive and preventive approach. It is believed that considering the physical, mental and emotional needs of Canadians before illness occurs, will deliver better health outcomes. Globally, mental health issues continue to be the largest contributor to non-communicable diseases with a lack of "high quality, culturally-sensitive and contextually-appropriate mental healthcare services." [38] 
Current Healthcare System Model
Canada's current healthcare system is derived from a model in the 1960s and is not equipped to adapt easily to change. The system contains the physical infrastructure, provider incentives, service delivery models, labour contracts, the flow of information and various other elements. At that time, the system served its purpose and worked well in meeting patient needs. Today, new challenges, such as an aging population, opioid crises, and mental health concerns have left the system ill-equipped to deal with serving individuals in the community. Overlooked needs such as home-bound care and counselling services contribute toward lack of care and must be addressed appropriately and adequately. The use of electronic medical records is another example where Canada's healthcare system has been slow to adapt compared to other countries. [39] Canada's healthcare system also reflects a culture of dependence on pharmaceutical companies in providing adequate drugs for treating disease and chronic illnesses. Pharmaceutical companies have done little in terms of education and prevention. In addition, the average consumer does not have the knowledge to determine what amount of salt, sugar and additives are healthy? A lack of updated government regulations about 'what is healthy' means Canadians are left to rely on outdated guidelines that do not reflect the new realities that many Canadians are concerned about such as allergies, gastrointestinal issues and food intolerances.
Provincial Differences
Differences between provinces in healthcare coverage have created much confusion and feelings of inequity amongst Canadians about their healthcare system. "The Canada Health Act requires only that provinces provide medically necessary hospital and physician services. Beyond these services, decisions must be made about whether the publicly funded health system should pay for the latest cancer drug, spend more on home care, or invest in public health activities." [2] .
Over the years, provinces have made different interpretations of what is medically necessary. Healthcare plans across provinces are not identical. Medical coverage, its limits and the type of healthcare available vary from province to province. As such, a medication that is covered in one province may not be covered under another provincial government's healthcare coverage.
Lack of Information and Transparency
Sharing knowledge within the healthcare system has been a concern according to many experts who agree that our healthcare system operates in silos. As a result, we do not share best practices and further knowledge development within the system and across provinces [1] . Certainly, sharing knowledge between healthcare practitioners within the healthcare system can encourage important learning and progress towards positive change.
In addition, availability of information to the public is far from adequate. Do consumers know what is healthy? In recent years, consumers have become more concerned about their health. But do consumers have access to information to make healthy choices? For instance, some activists have been lobbying for greater transparency of nutritional content such as calories, fat, salt and sugar to be available on menus in fast food outlets and restaurants, so consumers can make more informed decisions about their food choices and their health. Governments have been slow to respond to mandating businesses to comply with this regulation. Similarly, customers are also concerned about where their food is coming from. Many packaged foods now have labels such as "imported", but there is no available information on where certain ingredients are imported from and what quality and assurance standards these ingredients are subject to in other countries.
Adopting a Health Risk Based Approach
Understanding the underlying factors that create vulnerability in the system is imperative for developing a long term and sustainable healthcare system. It would be worthwhile to consult with and adapt core elements from risk assessment frameworks, such as the GE (General Electric) Healthcare [40] and the World Risk Index approach (Table 1) . These concepts may provide guidance to a holistic and sustainable healthcare system as illustrated in Table 1 . The idea is to identify exposure and susceptibility in the system and look at what measures are in place toward coping and adaptive capacities in the system in order to achieve an overall assessment of the system. The approach gives a holistic bird's eye view of the components involved and each component then can be broken down into much detailed and workable sub-components to specifically target areas that need attention. The approach also highlights the fact that addressing underlying issues is the only way to achieve a sustainable healthcare system. For example, some of the root causes that are sure to obstruct sustainability and desirable outcomes of the healthcare system are among other things, education, a lack of understanding of diverse populations, and lack of up-to-date information. Additionally, poverty, homelessness, a lack of access to necessities of life, and a lack of coping ability must be understood and addressed to achieve a sustainable healthcare system [29] . 
Discussion, Limitations and Future Research Directions
The discussion on achieving a sustainable healthcare system is an ongoing one and there are implications and limitations to certain approaches. Given the inherent within-system stressors and the confluence of broader social and environmental challenges facing society at the global level, sustainable healthcare is a challenge. Sustainability, by definition, can be achieved only when resources are used to achieve outcomes and can be replaced in due course without being irrecoverably depleted. We have attempted to advance beyond the dominant focus on simple economic viability of health systems by considering the broader context within which health systems exist, and by highlighting the constituent elements underpinning health system sustainability.
We have argued that considering health system sustainability as a simple cost reduction activity is unrealistic and we need to understand the multiple relationships between health and its context. In fact, universal health coverage suggests that overall costs do not rise because of increased use of services and healthcare expenditures are not a key determinant of health [41] . Furthermore, healthcare sustainability must take into consideration the understanding of the conditions which shape health and healthcare services, and the ideologies that have motivated particular healthcare reforms within socio-economic systems. Our embedded systems perspective argues that an adequate understanding of healthcare sustainability cannot be derived from separate studies of the individual parts of the system. Emphasis must be put on the larger context and on the interrelationships, taking into consideration socio-economic conditions, government policies, ecology and physical environment; all of which shape the social and environmental determinants of health and thus the demands put on healthcare services.
Canada's report card on healthcare needs to be improved, as expenditures do not match the desired outcomes. Proactive measures such as providing better living environments, food security, childcare and support to marginalized populations can contribute toward a sustainable healthcare system. That is, by spending more on some services, we can reduce the need to spend more on expensive medical conditions. The identification and acknowledgement of health risks will also be a step in the right direction, leading to more prevention measures. Nutrition and calories information on the food served in fast food chains will also add to the sustainability of the Canadian healthcare system in providing information to guide healthy eating. In addition, information sharing is paramount. In a recent CBC (Canadian Broadcasting Corporation) interview [42] , Canadian physician and astronaut, Dr. Dave Williams shared his reflections on challenges in the healthcare system based on his tenure as President and CEO of Southlake Regional Health Centre in Ontario, Canada, and his understanding of complex interdependencies. He stated that although challenging, communication and collaboration with multiple diverse providers is vital for improving the system. As well, outcome data, best practices, and experiences must be shared across sectors to implement improvements in the system. Through a local community comprehensive partnership model, successful program adaptation and implementation can be accomplished in areas such as mental health, with contextually appropriate services, even in low resource areas [38] .
We are hopeful that an embedded systems perspective will stimulate novel and productive approaches toward healthcare sustainability. Demographics are rapidly changing in Canada, and in an age of social media, technological advancements, cultural shifts, and other factors, it is important that the healthcare system leverage innovations into improved health outcomes [43] . Personalized medicine, also referred to as precision medicine, has the potential to improve health outcomes because of its customized approach. Traditional healthcare approaches have used a one-size fits all approach, whereas personalized medicine assumes each individual's health is unique. One scientific advancement that has helped personalize medicine is the availability of genomic information which can assist in predictive care solutions. Cancer is a good example. Collins best explains, "For the same type of cancer, each patient's tumor harbours a unique set of genes driving malignant growth, and that set of drivers often can predict how that particular cancer will respond to therapy." [44] . Another example of personalized medicine is the use of mobile health technologies. Mobile health technologies can be used to provide personalized real-time monitoring of blood pressure, heart rate, diet, exercise and blood chemistries. The potential of these individualized approaches can be used to target treatment more efficiently and accurately, allowing for better prevention and management of chronic diseases such as diabetes. Diabetes is the fastest growing chronic health condition, and is estimated to have cost the Canadian healthcare system 11.7 billion dollars in 2010, with projected costs of 16 billion by 2020. [45] .
Finally, investing in research from an embedded system perspective can also address sustainability challenges. A host of research questions, can emerge that can guide future research. For example, how can equity in healthcare be made compatible with economic objectives? how might social systems incorporate mental health needs of vulnerable groups?; under what conditions does economic growth contribute to improved living conditions and "better health for all"? Our framework can be used to analyze how different social, political, economic and environmental dynamics can be linked to minimize risk and optimize population health outcomes. In the end, if we are to achieve health system sustainability, an integrated approach to healthcare is needed, that is embedded in the systems thinking perspective.
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